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(57)Abstract: 

PURPOSE: To obtain the title copolymer having a low oligomer content and improved 
mechanical strengths by copolymerizing tetrafluoroethylene with a fluoro vinyl ether. 
CONSTITUTION: 90-99.5mol% tetrafluoroethylene is copolymerized with 10-0.5mol% fluorinated 
vinyl ether of the general formula: CF2=CFORf (wherein Rf is a halohydrocarbon group) and a 
shortstop is added to the reaction mixture. An unreacted monomer is removed from the mixture 
to obtain a fluorocopolymer having a specific melt viscosity of 102-107P as measured at 372** 
C and a weight loss of 0.01 wt.% or below when extracted with a fluoroorganic solvent. 
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CLAIMS 



(ClaimCs)] 

(CUirn 1] General formula (0 
-(CF2CF2)- (D 

90-99.5 mol \ end the general fomwla 01) of monomeric units which are been aEke end based 
[Formub 1} 

- (cFaCF) - en) 

ORf 

( — however. Rf is a halogenated hydrocarbon rscfica).) — the ratio which consisted of 10-0.5 mol 
% of monomeric units shown, and was measured at 372 degrees C — Buorino-containing 
copolymer characterized by for melt viscosity being 102- 107 poise, and the weight reduction by 
extract with a fluorine -containing organic solvent being 0.01 or less % of the weight. 
[Ctaim 2] General formula (0 
-{CF2CF2)- (0 

Less than ( more than monomeric-unit 60 mol %90 mol % ] and the general formula (11) which are 
been alike and based 
(Formula 2] 

- (CFjCF) - (ID 

ORf 

( — however. Rf is a halogenated hydrocarbon radical.) — the ratio which exceeded ten mol % of 
morKMneiic units shown, consisted of less than [ 40 mol % ]. and was measured at 200 degrees C 

- ftuorine-containing copolymer characterized by for melt viscosity being 1 02- 1 07 poise, and the 
weight reduction by extract with a fluortne-contaaning organic solvent being 0.01 or less % of the 
weight. 

(Claim 3] TetrafKioroethylene arxl the following general formula (III) 
CF2=CF0Rf (IB) 

(However. Rf is a halogenated hydrocarbon radical.) The manufacture approach of the fiuorine- 
conta'ning copolymer according to claim 1 or 2 which is made to carry out copolymerization of 
the fhiorine-containing vinyl ether shown, and is characterized by removing an unreacted 
monomer after adcfing a teraiinator. 



[Translation done.] 
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DETAILED DESCRIPTION 

(Detailed Oescnptton of the Invention] 
[0001] 

[Incfcjstrial Apprication) This mvention has few contents of the nnproved flticrine-corttaininB resin, 
especially an oligomer component, and relates to the copolymer and its manufacture approach of 
the tetrafHioroethylene whose mechanical strength improved, and fluortne-containinK vtnvl ether. 
[0002] 

[Description of the Prior Art] The copolymer (PFA b called hereafterj of tetraAioroethylene and 
perfluoroalkyi vinyl ether is well known as a flbororesin which can be fused, and is broadly used 
for coating, lining, etc. as moid goods, such as a tube, a pve. a jooit. and a container. Especially 
in the semiconductor production process, it » witfafy used as an mvvdient of p^mg. such as a 
wafer carrier, and a bottle or a tube, from the ouUtandins chemic^ reststanea wid thermal 
resistance. 
[0003] 

(PreblemCs) to be Solved by the frwention] However, abo although it is called PFA. if it sees m a 
detaa. it has some troubles. That is. PFA has comparatively much ehited particle compared with 
general-purpose resin, such as polyeth^ene. when it is used as the various containers or fixtwe 
for high accumulation LSI manufacture, it becomes the cause of yield aggravation, and so. 
reduction of particle is demanded strongly. 

[0004] Since the rate of increase of a particle yield with time fell n the rare fluoric acid 
immersion test after cMoroAuocarbon -113 extracts PFA. it b thought that one of the causes of 
the particle generated from PFA Is oligomer contmed in PFA. Then, washing of a PFA Plastic 
soGd. fhiorine gassing, and processing caBed the air purge at the trne of shaping are tried as the 
approach of particle reductioa andL as a result, the amount of early embryogenesb of particle is 
reduced (the 2nd vokime of ultra Clean Technology 456 and 483 pages. 1 990X However, each of 
these ap(»oaches is surface processings, and since oligomer is eluted from the witerior of resm 
with time, the actual concfition is having not resulted in fundamental solution. 
[0005] 

[Means for Solving the Problem] As a result of examining wholeheartedly fluorine-contaeiing 
resin wfth few yields of particie. Lc fiborine-containing resin with few oGgomer components, by 
adcfing a terminator at the tvne of termination of a polymerization, tfus invention persons find out 
that very few fhiorine-contairwig copolymers of an oligomer content are obtahed. and came to 
complete this invention. 

[0006] That is. thb invention b a general formula (0. 

-(CF2CF2)- (13 

90-99.5 mol S and the general formula (B) of monomeric units which are been alike and based 

(0007] 

[Formula 3] 

- (CFz^F) - 01) 
ORf 

[0008] (— however. Rf b a halogenated hydrocarbon radical J — the ratio which consisted of 10- 



0.5 mol S of monomei 
containing copolymer 
reduction by extract « 



i. and was measured at 372 degrees C — it b the fluorine- 
J by for melt viscosity being I02~107poise. and the weight 
' ' t organic solvent being 0.01 or less \ of the 



[0009] Moreover, this invention b a general formula (I). 
-<CF2CF2)- (D 



t 60 mol %90 mol % ] and the general formula 00 which are 



Less than [ more than n 
been aiika and based 
[0010] 
[Formula 4] 

' - (CFzCpF) - (n) 
ORf 

[001 1] (— however. Rf b a halogenated hydrocarbon radical.) — the ratio which exceeded ten 
mol % of monomeric urats shown, consisted of less than [ 40 mol K ]. and was measured at 200 
degrees C — it b the fluorine-cantaining copolymer charocterized by for melt vbcosity being 
1QZ-107poisa. and the weight reduction by extract with a flucrtne-contaning organic solvent 
being OOt or less « of the weight 

[0012] The monomeric unit shown by said general formula (D is a monomeric unit based on the 
polymerization of to ti a fl uoi uethylene. 

[0013] Setting the rascal shown by Rf among the monomeric »*iit shown by said general formula 
(10 especbDy to Oris nventior^ allhou^ a halogenstad hydrocarbon ratScal is generally used, a 
suitable radteal b a perfkjoroalkyi rodbal and the following general fbrnvjla OVX 
-CH2C«FbXcHC2a+l-b-e) OV) 

( however. X b a chlonna atom or a bromine atom, a is one or more integers, b b the integer 
of 0-2a+1. andebOorl.andithasthe relation of 1 <=b+c<^a+l.) — it is the radical shown. 
Although especially the carbon number of the halogenated hydrocarbon radical shown by Rf is 
not restricted, it is desirable that they are carbon numbers t-8 from the ease of acquisition of a 
raw material. 

[0014] In this invention, also in the monomeric unit shown by said general formula (H). when Rf is 
* ^2^***^^ content of oligomer has good ***• brealwig strength few. the 

fluorine contavung copotymer of thb invention b suitable. Thb reason can be considered that it 
•s because the generation prevention effectiveness of the oligomer component in a monomer 
clesrance phase is large since the nwnomer whose Rf is a general formula (IV) has 
polymerization natwe better than the monomer which is a perfluoroalkyi radical in the 
manufacture approach of the ffacrin e oo n t aWng copolymer of thb invention mentioned Uter. 
[0015] The unit the presentation of each monomeric iwwt shown by said general formula 0) and 
00 b indwatad to bo by said general fonnub (D b 60 - 99.5-mo* %. and the unit shown by said 
general formuls^b 40 - 0.5-mol %. When there are few amounts of the monomeric unit shown 
by SMd general formula 00 than the above- m entioned range, since melt viscosity becomes high 
too much and it becomes a copolymer with a bad moldability. and softervng temperature falls 
when [ than the above-mentioned range ] more [ conversely ]. a problem generates and Is not 
desirable to a moUabKty. When the moldabaity of the fluorine-corrtaxung copolymer of this 
invention is taken into consideration, as for the morx>meric unit shown by said general formula (D 
and 00. It b desirable respectively that it b [ 75 - 99.5 mol / 25 - 0.5 mol / % and ]%. and it b 
desnbb that itb[90-99mol/10-onemal/%and]% further respectively. 
[0016] Tho fhiorine-containing copolymer of this invention b a random copolymer which the 
monomeric unit shown by said general fbrmub (0 and (0) arranged at random. 
[0017] Since the fluorine-contsining copolymer of thb invention is insoluble to various solvents, 
mobojlar weight cannot be cslcubted with the usual means, however, the ratio of the fluorino- 
contaviaig copolymer of thb invei«ion — since melt vbcosity is dependent on molecular weight 
--^B ratio — molecular wei^ can be presumed by measuring melt viscosity, namely, the ratio 
J copolymer the 0.5 - ten-md range of whose monomeric unit shown by said 
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general formula (D) amor^ the fhjorvw-containing copolymers of this invention is S at 372 
degrees C — melt viscosity serves as range which is T02-107poise. moreover, the ratio which 
the monomeric unit shown by said general formula (II) exceeded ten-mol \, and measured the 
copolymer which is less than [ 40 mol % ] at 200 degrees C — melt viscosity serves as range 
which b 102-1 07poise. a ratio — when the moldatHlity of a copolymer is taken into consideration 
in any case, as for melt viscosity, it b desirable that it is the range of 103-106poise. 
[00 IB] Moreover, the fluorine-oontainmg copolymer of this mvention b JIS. The **** breaking 
sttwgth measurad based on K-71 13 is 250kg/cm2 or more, and it has sufficient physical 
properties also in the mechanical strertgth. The above-mentioned **** breaking strength can 
also be made into 300 morekg/cm2 or more. 

[roi9] Furthermore, a fluorine-corttaining organic solvent can extract the oligomer contained in 
the fkiorme-contavung copolymer of thb mvention. and it can carry out a quantum by weight 
reduction after an extract in a fluorine con t aining organic solvent for 60 degrees C and 18 hours. 
The weight percentage reduction when being extracted by the fkforme-contsinmg organic solvent 
is 0.01 or less \ of the weight, and can abo make the fluorine-containing copolymer of thb 
invention 0.008 more or bss % of the wdghL 

[0020] The well-krwwn organic solvent which has a fluorine atom can bo used for the fluorine- 
contairang organic solvent used for the extract of the oligomer in a fluorine-containing copofymer 
into a molecule that there is no limit in sriy way. the fluorine-containrng organic solvent which 
can be suitably used especially in tKs invention b iUustrated concretely, CFCI2CF2CI 
(chtorofhracarbon -1 13) and CH3CGI2F (chlorofhjocarbon - 141b) can be raised, for example. 
[0021] When the weight percentage reduction of the fluorine-containing copolymer of this 
invention and the conventional fluor i ne - c ontaining copolymer b compared using the above- 
mentioned fk io ri n e c ontaining organie solvent weight reduction of the fluorine-contaxiing 
^'jpolymer of this invention b very low. and it can be said that there are few contenu of an 



[0022] The fluorine-containing copolymer of this invention can check tho chemical structure by 
measuring an infrared absorption spectrum (only henceforth IR). Namely, when the inside of the 
monomeric unit shown by said general fbrmub (0) and Rf are perfluoroalkyi radicals. It has the 
absorption band based on a -CF2-radical in a >CF0CF2-radical and the 1 200cm- 1 neighborhood 
to the 990cm»1 neighborhood, Moraover. in the case of the radical Rf is indicated to be by said 
general fbrmub (IV). it has the absorption band based on a -CH2-radical in a >CF0CH2-radic8l 
and the 2900cm-1 neighboriKMd to the 9S0em-1 neighborhood among the monomeric unK shown 
by said general formub (QX 

[0023] Although the fluorine-conUaiing copolymer of thb invention may be manufactured by 
what kind of approa^, it b suitably msnufacturad by the approach stated to especially a degree. 
[0024] Namely, tetrafluoroethybne and the follomng gener^ formula (01) 
GF2=CF0Rf(in) 

(However. Rf is a halogenated hydrocarbon radical.) After carrying out copolymerization of the 
fluorine-containtng vinyl ether shown and ad(fing a terminator, it is the approach of removing an 
unreacted monomer. 

[0025] The same racBcal as Rf in said general fermida (ID can be used for the halogenated 
hy^ocarbon radical shown by Rf an said general formub (lU). If the fluorine-containing vinyl ether 
shown by the general formub (HO used by this invention is illustrated concretely 
CF2=CFOCH2CF3 CF2=CFOCH2CF2CF3. CF2=CFOCH2CF2CF2H CF2=CFOCH2(CF2)2CF3 
CF2=CFOCH2 (CF2) 3C F3 CF2=CFOCH2(CF2)4CF3 and CF2=CFOCH2(CF2)5CF3. 
CF2=CFOCH2(CF2)6CF3. CF2=CFOCH2(CF2)7CF3 CF2=CFOCH2CF2CI, CF2=CFOCH2CF2Br 
CF2=CFOCH2CF2CF2CI and CF2=CFOCH2CF2CF2Br. CF2=CFOCH2(CF2)2CF2CI and 
CF2=CFOCH2(CF2)2CF2Br. CF2=CFOCH2 (CF2) 3CF2CI. and CF2=CFOCH2 (CF2) 3CF2Br and 
CF2=CFOCF3. CF2=CFOCF2CF3. CF2=CFO(CF2)2CF3. CF2=CFO(CF2) 3C F3. CF2=CFO(CF2) 
4CF3 CF2=CFO(CF2)5CF3 and CF2sCFO(CF2)6CF3. CF2=CFO(CF2)7CF3 and CF2=CFO(CF2) 
8CF3 grade can be raised. 

[0026] The preparation prasentation of the fluorine-containing vinyl ether showm by 
tetrafhjoroethybne and said general formub (00 in thb inventnn In order to seUom enlarge melt 



viscosity of tho ffuorine-containing copolymer obtained, and to mainuin softening temperature to 
a suitable value and to make a fobricating operation easy The fluorine-contakiing vinyl ether 
shown by said general formub (JBD 0.5-40-mol %. It is desirable that tho 99.5-60-mol range of 
tetraftioroethylene is S. and it is still more desirable that the fluorine-containing vinyl ether 
shown by said general formula (DO is 0.5-25-mol %. and the 99.5-75-mol range of 
tetrafluoroethylene is %. 

[0027] Furthermore, in order to reform the property of the copolymer obtained again, fluoro 
olefins, such as hexafkjoropropylene. cMorotrifluoroethylene. and vinyUdene fluoride, may be 
added to tetrafluoroethylene. these — general — tetrafhioroethylene — receiving — bss than 
( 5 mol % 1 — using is desirable. 

[0028] Next, a well-known approach [ have / especially / tho approach of copolymerization of 
the above-mentioned fluorine -co n taining vinyl ether and tetrafluoroethylerw / a limit ] is 
adopted. Namely, what is necessary b to adopt the approach of arbitration, such as a sokition 
polymerization method, a suspen si on polyinerizotion method, and an emulsion-polymerization 
method, and just to choose the optimal polymerization method according to conditions of a 
monomer, such as copolymeric. 

[0029] Among these, first, if a solution polymerizatksn method is explained concretely, although 
especially definition is not carried out for the polymerization solvent used, generally 
chlorofluorocarbon. a chkiro fk^o hydrocarbon, perfhiorocarbon. etc. will be used suitably. 
Moreover, in the case of solution polymerizatbn. it h also poss3)le in a polymerizatfon solvent 0.3 
to 10 time weight and to make the water of weight live together one to 5 times preferably, and to 
carry out a polymerization because of cleararwe of the heat of polymerization. 
[0030] Moreover, althou^ a well-known radical generating agent is employable as a 
polymerization inttiator, when the thermal resistance of the copolymer obtained is taken into 
consideraUon. a fluorirw-contairerg radbal generator is desirabb. [Z(CF2) yC02] 2 (however, 2 
is a hy<kogen atom. • fluorme atom, or a cMorne atom, and y is the integer of 1-SJ 
[0031] 
[Fonnub 5] 

CZ (CF2) V COCFCFs) „OCFCOJ 2 



CFa 



[0032] ( — however. Z is a hy^npgen atom, a fluorine atorn. or a chkirine atom, y b the mteger of 
1-5. and q is the integer of 0-3J ~ it can be used suitably. If the exwnpb of the radical 
generating agent suitably used in thb nvention b shown, it wiO be 2 (HCF2CF2C02). 2 
(CF3CF2C02). 2 (CF3CF2CF2C02). 2 (CF3CF2CF2CF2C02). 2 (CICF2CF2C02), and [0O33). 
[Formula 6] 

(CFaCFzCFaOCFCOi) s 
CFa 

[0034] * ** * ** ** — things are made. 

[0035] the amount of monomers usually used although the amount of the above-mentioned 

radical generating agent used cannot generally be (ed) with tho solvent to be used. 

polymerization condi^ons. especblly temperature — receiving — 0.002-0.5-mol K — what is 
necessary is just to choose out of tho 0.005-0.2-mol range of % preferably Moreover, a radical 
generating agent may be collectively introduced at the time of polymerization initiation, and may 
be intermittently introAjccd during a pofymerization. Especblly the thing for which a radical 
generating agent is again added on the way in such a case although a polymerization may be 
unable to progress easily the middle depending on conditions is an effective means. 
[0036] Although polymerization temperature is decided considering tfie catabolb rate of the 
radical generating agent to be used as one rule of thumb. 0-100 dep-ees C is usually 5-60 
degrees C preferably. 

[0037] Next, a suspension polymerization b expbined. The polymerization initbtor in a 
suspension polymerization, its amount used, and polymerization temperature can be earned out 
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tike the above-mentioned solution polymerizatJorL It is desirahM|MJse a distributed stabrtizer in 
a suspension polymerization. Altfiough a thing well-known s^^^^^njted stabilizer is adopted 
that there b no limit in any way. the peffhioro carboxylic-a^^^^Kum with which perfWo 
carboxyGc-acid ammonium, perfluoro sulfonic-acid ammoniLt^jlUVviyl alcohol, etc. are used, 
and a carbon number has the long-chain atkyi group of 5-10 from especially the effectiveness of 
cfistributed stability and the point of the themial stability of the obtained fluorine-contarting 
copolymer is siitable. Moreover, the chlorofHJorocart>on and perfluorocarbon other than the 
above-mentioned distributed stabilizer may be used from a viewpoint of distributed stability, and 
0.1 to I time weight b suitable for the amount to water. 

[003B] Furthermore, if an emulsion polyrnerization is explained, in an emulsion polymerization, a 
meltable racfieal generatng agent wiD be used for water as a polymerization initiator, and 
inorganie peroxides^ such as ammonium persulfate and potassium persuMate. will usually be used 
suitably. 3E(H140 decrees C of polymerization temperature are 40-100 degrees C preferably, an 
emulsion polymerizatian — it may be, or a distributed stabilizer may be used and the class and 
amount are as the above-mentioned suspension polymerization having explained. Furthermore, 
using buffers, such as an ammonium carbonate, in an emulsion polymerization does not have 
inconvenience in any way. either. 

[0039] If the pressure of tetraflooroethylene is the range of l-30kg/cm2-G also in which 
polymenzation method, a polymerization reaction will fully advance, but in a not much high- 
pressure case, since the fault which becomes qtiite [ in equipment ] expensive arises, 1- 
10kg/em2-G b usually desirable. 

[0040] About supply to the polymerization tar* of the above-mentioned monomer component, 
the tetrafluoroetftyiene and fluorine-containing vinyl ether of the specified quantity may be 
confined in a polymerization tank, and a potymerization may be performed, and 
tetraffcioroethytene. fluortne-contariing vinyl ether, or both may be added contiruously or 
tntermittently during a polymerization accorcfing to the consumption by the polymerization of 
te^afkioroethylene and fluorine-contaning vinyl other. 

[0041] Furthermore, it is desirable to add the chain transfer agent of an initial complement also 
in which polymerization method for molecular weij^t accommodation. As a chain transfer agent, 
although alcohob. such as ether: methanols, such as aDtanes: diethylether. such as chlorinated* 
hydrocartwns: hexanes. such as a carbon tetrachloride and chloroform, a pentane. butane, a 
propane, ethane, and methane, and wood ether, and ethanol. can be used, the alkanes from a 
reason and alcohols, such as the amount of dissolutions to a polymerization solvent and the 
stability of the generated copolymer, are [ among these ] desirable. What is necessary is just to 
press fit by the pressure which can maintain the rec^ired amount of <fissokjtions to a 
pofymerization solvent, if a chain transfer agent is a gas. moreover — if it is a liquid — an initial 
complement — beforehand — or what is necessary is just to add intermittently Although the 
amount of the chain transfer agent used is changed in some range according to the class of 
chain transfer agent, and polymerization conditions, 0.05-1 0~mol % and a thing [ the 0.1-5 mol 
range of * ] preferably are usually desirable to the total amount of monomers in a polymerization 
tank. When water exists in a polymerization system here, it is desirable to make it addition in 
consideration of the partition ratio of the aqucous phase of a chain transfer agent and an organic 
phase, so that the concentration of the chain transfer agent in an organic phase may serve as 
the above-mentioned range. 

[0042] In tf»o approach of this invention, a temiinator is added and a polymerization reaction is 
stopped, after performing the above-mentioned copolymerization. Especially, it is not restricted 
but a tenninator can be used, rf it is the compound which can be made to suspend a 
polymerizatton reaction substantially. Phenols, such as qutnones; hycfc-oquinones, such as 
terpenes: benzoquinones, such as chlorinated-hydrocartwns; Bmonenes. such as hydrocarbons: 
carbon tetrachlorides, such as alcohols: hexanes, such as a methanol and ethanol. a pentane, and 
butane, and chloroform, a cymene, and a pinene. and a naphthoquinone, cresol. and a catechol, 
can be used, among these, specifically, alcohols, hydrocarbons, and chlorinated hydrocarbons are 
suitable by the reasons of the thermal stability of the effectiveness of a polymerization reaction 
hdt separation from a fluorme-containing copolymer, and the obtaned fluorine-corrtaMhg 
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r etc, 

[0043] Although it is ^^^^B is usuaOy used exceecfing ten-mol % to the amount of unreacted 
monomers which rema^^Hpolymerization system, although the additran of a terminator 
cannot generally be *****^ed) with the effectiveness of a pdymerizatmn method and the 
tenninator to add etc.. its the 20-300-mol range of % a desirable from the effectiveness of a 
polymerization reaction halt, a viewpoint [ terminator / the fluorine-contaning copolymer of thb 
inventk>n. and J of separation, etc. 

[0044] In adtfition, the ullage of an unreacted monomer can be calculated as feUows. For 
example, the amount of unreacted tetrafluoroethylenes can be computed fhjm the pressure of a 
^ reactor, temperature, and the solubility of the tatrafhioroethytene to a polymerization solvent. 

^ ^ amount of unreacted fluorine-contavitng vinyl ether, an outline bid can also do 
****** from the amount of installation to a reactor, and the consumption of tetrafluoroethylene. 
[004S] [f it is the adcStion stage of a temmatar ami it b in the corttfitMn that the urreacted 
monomer remains in a polymerization system after a polymerizatian reaction starts, it b effective 
in every (^ase. However, if it b the initial stage of a polymerization too much, it is inconvet^ent 
from a viewpoint of the pnxkictivity of a fluorine-containing copolymer, and vihen a 
polymoization reaction progresses r»ot much and a polymerizatkxi system becomes 
hyperviscosity, uniform stirring may become difficult, as a result, cleararwe of the heat of 
polymerization may serve as imperfection, and it may have an adverse effect on the physical 
properties of the copolymer obtained. Therefore, although what b necessary is just to determine 
the addition stage of a terminator from a viewpoint of the physical properties of a fluorwie' 
containtng copolymer, and productivity acquired, it b usually desirable that it b an event of the 
cofKentration of the fkjorine-containing copolymer in reaction mixture serving as 3 - 20% of the 
weight of range preferably two to 30% of the weight 

[0O46] Moreover, the approach the addition approach of a terminator transports the vproach of 
pressing a tenminator fit in a polymerization system although especially definitmn is n^ carried 
out and polymerization reaction liquid to the container containvig a terminator, the approach of 
introducing a term'nator immediately after depressuring by bleedoff of unreacted 
tetrafkmroethylene. etc. are mentioned as an example. 

[0O47] In this invention, an unreacted monomer is removed after addition of a terminator. 

aearance of an unreacted morwmer b removing at least unreacted tetrafkioroethylene and one 

side of uveacted fluoro aBcyl vinyl ether, and the actuation can adopt the well-known monomer 

clearance approach. For example, actuation in whwh means, such as filtratioa centrift«al 

separation, heating and reduced pressure, separate the unreacted tetrafluoroethylene and 

unreacted fluoro alkyi vinyl ether which (fissolved into the actuation to wNch gas 

tetrafkioroethylene is made to emit and a pdymerizatran solvent with a fluorine-contaWng 

copolymer etc. can be rabed from the gaseous phase of a polymerization tank 

[0048] The generated fWine-containing copolymer separates an unreacted monomer, a solvent 

an excessive terminator, etc and b obtained frxim polymerization reaction mixture. 

[0049] By fluorinating using a fluorination agent F2 [ for example. ]. what has a hydrogen atom in 

intramolecular among the fluorine-containtng copolymers of thb invention can be fluorinated by 

high yield, without causing cutting of the principal chain accepted by fluorination of the 

conventional hydrocarbon polymer, and can be used as a perfkioro copolymer. 

[0050] 

[Effect of the Invention] When the particle which b immersed in fluoric acid and generates the 
fkjor^w-cofttaining copolymer of this tnverrtion b measured, there are rtot only very few early 
yields, but after time amount progress does not mcrease. Moreover, chlorofluocarbon -113 and 
chloroftuocart>on - There is very little weight reduction when fluorine-contaming orgaruc 
solvents, such as 141b. extract as 0.01 or less % of the weight From thb. it can be said that the 
fluorine-containing copolymer of this invention has very few contents of an oligomer component 
Moreover, althou^ it is thought that the component which causes particle besfaies an oBgomer 
component is contained in a flUororesin, smee the particle yield of the fluorine-contoine« 
copolymer of this invention b very kiw. it » thought that a component which causes particle 
other than such oligomer is also reduced 
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[0051] Moreover, the fluorine-conUning copolymer of this invention is excellent in mechanicai 
physical properties, and from the copolymer of the same presentation manufectured by the 
conventional approach, and the same ratio melt viscosity, it has **** breaking strength usually 
high 30-60kg/cm2. and it can be said that thb invention b exceaent also from tNs point 
[005^ Therefore, when it uses for piping systems, such as a wafer carrier, aifd a bottle or a tube, 
in a semi-conductor production process, the fluorine-containing copolymer of this nvention has 
few yields of particle, and can be used in the industrial fieM as which properties as a fluororesin, 
such as chemical resistance, thermal rasutance. ar>d an electrical property, are required as a 
fluorine-contaawig copolymer by which it b not only effective, but mechanical strength was 
improved in manufacture of the high accumulation LSI. 
[0053] 

[Example] Although an example b shown below in order to explain this invention to a detail 

further, thb invention does not receive a limit at all according to these examples. 

[0054] In addkion. measured vabe was calculated as folk»ws. 

[0055] 1.a. Measurement JIS of w* breakmg strength It is based on K-71 13. 

[0058] b. 8y fusing the resin for the fluorine-containing copolymer of creation this invention of a 

test sarr^le. and a comparbon at the temperature of 350 degrees C, and cooling under 

application of pressure, the sheet of 1mm thickness was created and the test piece required for 

the above me nt ioned examining method was created. 

[0057] 2. a ratio — the measurement high-ized type flow tester of ntelt viscosity was used. After 
high grade isopropyl alcohol and ultrapure water having repeated and washed the measurement 
test piece of the 3m. particle measured by the 13.14kg load with ttie temperature of 372 degrees 
C using the dbe with a dameter [ of 1mm ], and a dte length of 10mm and mMn^ it season 
naturally in a clean room, it was immersed in S0(% of SOS fluoric acid sokitions of Ngh grades, 
and aging of the number of particle was measured. In addition, for measurement the number of 
particle of 0.3-2 micrometers was counted using partk:le counter KL-22 (Rkm make). 
[0058] b. By fusing the resin for the fluorine-containing copolymer of creation this invention of a 
test sample, and a comparison at the temperature of 350 degrees C, and coobig under 
applicatkm of pressure, the sheet of 1mm thicknesa was created, it started to 50mmx70mm and 
the test piece required for the above-mentioned trial was created. 

[0059] Chlorofluocarbon -113 beforehand refined by distiBation to 75L reactor made ftvm 
stainless steel with example 1 agitator After putting in 4Skg, the interior was deaerated and it 
conskiered as atmospheric pressure with nitrogen gas after that After putting ir> methanol 6X>g 
and 2. 2. 3 and 3. and 3-pentafluoro propyl trifluoro vinyl ether 320g in a reactor, the engine 
speed of a stvring motor was considered as 1 40 rotations, tetrafluoroethylene was intrmkiced 
and the pressure was set to 4,2kg/cni2-a SiAsequentfy. keeping the inside of a reactor at 18 
degrees C. 55.3g (Swtft) of chlorofluocarbon -113 sokitions of 2 was introduced, and the 
polymerization was started (C3F7C02). The concentration of 2.0ig/cm2-G and the generated 
fluorine-containing copolymer put in methanol 850g in the place which became 4.4% of the weight 
into reaction mixtu-e. and the reactor pressure stopped the polymerization. Next after emitting 
the unreacted tetrafluoroethylerw in a reactor, reaction mixture was moved to the polymer 
deposit tiA of 100L **hich has an agitator, by heating a polymer deposit tub. the polymerization 
solvent and the unreacted monomer were made to dbtBI. and the fluorine-containing copolymer 
waa obtained. When the vacutan drying of thb copolymer was carried out at 1 50 depees C for 
12 hours, the 2kg copolymer was obtained. 

[0060] Thb fkxirine-containing copolymer was fiknHzed at 330 degrees C. IR was measured, and 
that result was shown in drayfjng l . the monomeric wiit based on [ in drawing I , the absorptkm 
band based on a -CH2-radical is checked by a >CFOCH2-radical and the 2900cm-l 
neighborhood to the 950cm-l neighboriwod, and ] 2. 2, 3. 3. and 3-pentafluoro propyl trifluoro 
vinyl ether to the onsMe of a fluorine-contairung copolymer — 2.8-^ol % — it turned out that it 
is contained. Mw eover , melting shaping of thb polymer is carried out and it is JIS. It was 
440kg/cm2 when *^ breaking strength was measured based on K-71 13. moreover, a 372- 
degree C ratio — melt viscosity was 1.5xl05poise. 

[0081] Furthermore. 1kg of this polymer was put into the autoclave of capacity 3L. and the 
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extract was performed at 80 degrees C for 18 hours. IL Using chk>rof1uocartx>n -1 13 and 
chk>rofluocart>on-t41b respectively. After filtration separated the copolymer and the solvent 
reduced pressure drying of the copolymer was carried out at 1 50 degrees C for 1 2 hours. Weight 
reduction of the copolymer at this time was 0.004 % of the weight in chlorofluocart>on-141b 
0.004% of the weight by chlorofluocarbon -1 13. Moreover, when the chlorofkjocarbon -113 used 
for the extract was condensed, the 0.04g white matter was obtained. 

[0062] After the example of comparison 1 reactor pressure became 2.6kg/cm2. the unreacted 
mor>omer ar>d the solvent were made to distill, without adding a methanol, and also it reacted IBte 
the example 1 . the monomeric unit based on 2. 2. 3, 3. and 3-pentafluoro propyl trrfhioro vmyl 
ether in the inside of the c opolymer obtained as a result of analysis — 2.8-mol % — it was 
contained, moreover, **** breakirtg strength — 380ltg/cm2 — it b — a ratio — melt viscosity 
was 1.4xl05poise. and the weight redaction after an extract was 0.05 % of the weight by 
cidoroftuocarbon -113. 

[0063] Furthermore, when chlorofkiocarfoon -113 extracted again the copolymer extracted by 
chlorofluocarbon -113, weight reduction was 0.025 % of the weight Moreover, the wei^ 
reduction by the extract by chiorofluocarbon-141b of this copolymer was 0.05 S of the weight 
[0064] Chlorofluocarbon -113 beforehand refined by distillation to 75L reactor made from 
stainless steel with example 2 agitator After putting in 70kg. the interior was deaerated and it 
considered as atmospheric pressure with nitrogen gas after that After putting in methanol 37g 
and perfluoro propyl vinyl ether 8.2kg in an autoclave, the engine speed of a stirring motor was 
considered as 140 rotations, tetrafluoroethylene was introduced and the pressure was set to 
6kg/cm2-a Subsequently, keeping the inside of a reactor at 18 degrees C. 180g (5wt%) of 
chlorofluocarbon -113 solutions of 2 was introduced, arul the polymerization was started 
(C3F7C02). Tetrafluoroethylene was contirKiously supplied so that a reactor pressure might 
maintain 6kg/cm2-G. It moved to the polymer deposit tub of lOOL which has the agitator into . 
which metharwl 1kg went reaction mixture in the place where the coru:entration of the fkjorine- 
containing copolymer which 3.9kg of amount of supply of tetrafluoroethylene generated became 
6.7% of the wettht into reaction mixture, and the polymerization was stopped. Next, by heating a 
polymer deposit tub. the solvent and the unreacted monomer were made to distill and the 
copolymer was obtained 

[0065] The absorption band based on a -CF2-radical was checked by a >CFOCF2-radical and 
the 1200cm-1 neighboriiood to the 990cm-1 neighboriiood. and IR measurement showed that the 
content of the monomeric unit based on the perfluoro propyl vinyl ether of this copolymer was 
t.3-mol %. moreover. breaking strength — 410kg/cm2 — it b — a 372-degree C ratio — 
melt viscosity was 8.0x1 04poise, and the weight reduction after wi extract was 0.007 % of the 
weight and 0.008 % of the weight in chlorofluocarbon -1 13 and chkirofluocarbon-141b. 
respectively. 

[0066] A methanol was not put into the example of comparison 2 polymer deposit tub. and abo it 
reacted like the example 2. the content of the monomeric unit based on the perfluoro propyl 
vinyl ether of this copolymer the result of analysis — 1 .3-mol % — it b — a 372-degree C ratio 
— melt viscosity was 6.7x1 04poisB. and the weight reduction after an extract of **** breaking 
strertgth was 0.06 % of the weight by 370kg/cm2 and chlorofluocartwn -113. 
[0067] The copolymer after cHorofluocart>on -113 extracts the fluorirje-contaWng copolymer 
obtained in example 3 examples 1 and 2 and the examples 1 and 2 of a comparison was 
immersed into 50% fkioric acid, and the number of particle of 0.3-2 micrometers in one cc of 
fluoric acid solutions was measured 6. 9, and 14 days after immersion initiation. The result was 
shown in a table 1. 
[0068] 
[A table 1] 
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[0069] Chlorofbjocart>on -t 13 beforehand refined by distillation to 75L reactor made from 
stainless steel with example 4 agitator After putting in 4Skg. the interior was deaerated. the 
mixed gas of the nine--mot % 2. 2. and 2-tnf1uoro ethyl trifluoro vinyl ether, and 91-mol \ of the 
tetrafiKjroethylene which were prepared beforehand after that was introduced into the reactor, 
and it considered as atmospheric pressure. After putting in methanol 24g in a reactor, the 
rotational frequency of a stirring motor was considered as 140 revolutions, and the above- 
mentioned mixed gas was introduced and it was made AXJks/cmZ-G. Subsequently, keeping the 
inside of a reactor at 22 degrees C. 90g (5wt%) of cHorofluocarbon -113 solutions of 2 was 
introduced, and the polymerization was started (C2F5C02). The account mixed gas of reaction 
Nakagamt was intro<^ced continuously, and 4.0Kg/cm2-G was maintained. After putting in 
hexane 1kg m the place where the concentration of the fluorine-containing copolymer which the 
3.0kg of the amounts of installation of the above-mentioned mixed gas generated became 6.7% of 
the weight into reaction mixture and stopping a polymerization, the copolymer was obtained like 
the example 1. 

[0070] The monomeric unit based on 2. 2. and 2-trifKioro ethyl trifhioro vinyl other which the 
absorption band based on a -CH2-radical is accepted in the 950cm-1 neighborhood to a 
>CFOCH2-radical and the 2900cm- 1 neighborhood, and is contained in a copolymer like an 
example 1 as a result of IR measurement was 8.8-mol %. moreover, a ratio — melt viscosity was 
8.0x103poise. **** breaking strength was 330kg/cm2. and weight reduction was 0.005 % of the 
weight as a result of the extract with chlorofkiocartion -113. 

[0071] After putting perfiuoro tributytamino 15kg beforehand refined by distillation, and 
C7FtSCO2NH4100g 21kg of ion exchange water into 75L reactor made from stainless steel with 
example 5 agitator, the intenor was deaerated. the mixed gas of the tivee-mol % the 2. 2. 3, 3, 
and 3-penUfluoro propyl triftuoro vinyl ether, and 97-mol \ of the Utrafluoroethyfene which 
were prepared beforehand after that was introduced into the reactor, and it considered as 
atmospheric pressure. After putting in ethanol Skg in a reactor, the rotational frequency of a 
stirring motor was considered as 140 revolutions, and the above-mentioned mixed gas was 
introduced and it was made 4.0kg/cm2-G. Subsequently, keeping the inside of a reactor at 18 
degrees C. 250g (5wt%) of perfkioro faibutylamine sokitions of 2 was introduced, and the 
polymerization was started (CICF2CF2C02). The account mixed gas of reaction Nakagami was 
intro<^ed continuously, and 4.0kg/cm2-G was maintained. After putting in chloroform 1kg in the 
place where the concentration of the fluorine-containing copolymer which the 2.5kg of the 
amounts of installation of the above-mentioned mixed gas generated became 6.9% of the wet^t 
into reaction mixture and stopping a polymerization, the copolymer was obtained Hko the example 
1. 

[0072] The monomeric unit based on the 2. 2. 3. 3. and 3-pentafluoro propyl trifluoro vinyl ether 
w*iich the Sorption band based on a -CH2-radical is accepted in the 950cm- 1 neighborhood to 



a >CFOCH2-rsdic8l en^^^BOOcm-l neighborhood, and is contained in a copolymer Bie an 
example 1 as a result ^^^^^^urement was 2.8-mol \. moreovw, a ratio — melt viscosity was 
3.2x105poise. **** tx^^K^cngth was 460kg/cm2. and weight reductian was 0.003 % of the 

weight as a result of the ex^ct by chlorofkiocarbon -113. 

[0073] Using the same approach as example 6 examples 1 and 2. various fhjor«««-cantaraig vinyl 
ether and the reaction of tetrafluoroethylene were performed, and the fhiorine-contansig 
copolymer was obtained, the content of the monomeric unit based on the ftuoi in e - c oi i t aWni 
vinyl ether contained in the class of used fluorine-containing vinyl ether, the terminator, and the 
obtained copolymer, and the ratio of the obtained copolymer — the number of particle after 
inwncrsion was shown in a table 2 for 1 4 days at molt viscosity. **** breaking strength, the 
" weight percentage reduction by extract with cHorofhjocarbon -113, afHJ 50% fluoric acid. 
[0074] The absorption band based on a -CH2-radic8l was accepted in the 950cm- 1 
neighborhood to a >CFOCH2-radical and the 2900cm- 1 neighborhood like [ any copolymer ] the 
example I as a result of IR meastremenL 
[0075] 
[A table 2] 
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fOrawing I] Drawing 1 is the chart of the infrared absorption spectrum of the fluorine'Contairunc 
copolymer of this invention. 



[Translation done J 



http://www4.ipdljicipi.cojp/cgi-bin/tran.w^.CBi.eji;e 



BEST AVAILABLE CX>PY 



esp@cenet. docuroent view 



1/1 ^— V 



# 



FLUOROCOPOLYMER AND ITS PRODUCTION 



Patent number: 



JP6080733 
1994-03-22 



Publication date: 



Inventor: 



NAKAHARAAKIHIKO; IZEKI YUJI; OMORI KAZUYUKI 
TOKUYAMA SODA KK 



Applicant: 

Classification: 
- International: 



C08F2 14/26 



- european: 
Application number: 
Priority number(s): 



JP 19920234930 19920902 
JP1 9920234930 19920902 



Report a data error here 



Abstract of JP6080733 

PURPOSE:To obtain the title copolymer having a low oligomer content and improved mechanical 
strengths by copolymerizing tetrafluoroethylene with a fluoro vinyl ether. CONSTITUTION:90- 
99.5mol% tetrafluoroethylene is copolymerized with 10«0,5mol% fluorinated vinyl ether of the general 
formula: CF2=CFORf (wherein Rf is a halohydrocarbon group) and a shortstop is added to the reaction 
mixture. An unreacted monomer is removed from the mixture to obtain a fiuorocopolymer having a 
specific melt viscosity of 10<2>-10<7>P as measured at 372 deg.C and a weight loss of 0.01wt.% or 
below when extracted with a fluoroorganic solvent. 
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n©ia^ feits^©^^tt*i&ig-r s «t . i o ' - 1 

0 ' X©«ffl-c* -5 C i S Lt,». 
C 0 0 1 8 ] *te. *l^©^7 J I 

S K-7 1 1 Sfca-St-i-CiiJSStlfc^lSgMW^*! 
25 Ok«/cm'«±T?*0. IS*SWme«:tei,»-c«> 

fCS 0 0 kg/cm'«±<i:-r-SCifc-C#.S, 
C 0 0 1 9 ] j|{c*#6Hj©^7 y Jg^tm^fttfitC^Sn 

^7 -^-sgweiitisg^j-es o°c. 1 sff*^, ttttifs© 
»tjSii>^jjso. 0 isa%JWT-e*»3. S6(co. o 

( 0 0 2 0 ] ^7 vm.^^^<Oi^ >/=fv-©JJta«: 

■r s^i*n©wts^=&M^*'JKi&: < ^ffl-r s c i *st-* 
30 mk^m/mi^wn-ri>t. mtf. cfci.cf.c 

1 (7n>-i 13) , CH,CC1,F (7n>- l 4 
1 b) 4*lfSCi3!ri-C#-5. 

[002 1 ] ±fa©#7 5.swtS^*ffli.>r. 

©# 7 ^ita-^ i se3R©# 7 y ^^^s-&»©ssjs 

s«iP»s*rig< , :t >j =f-7-fig^©^wa*sii>&c» 

[002 2] :^^BJC)$7 ym^M-^it. 

'^i'hJi mr. #{ciRtu^. ) ^sM-r-sciK 

40 ■^©{t^Wjg^lill^-rSCiAJ-C*^*. fiU^. Iff 

iB-flss: (II) r-^sn-smsf^^fitf). Rf*i/N--7 
)i:tarji'='r)i'm(Dm-^, 9 9 O cm-^^^tiaCOCFO 

CF, -a*>-J:aei 2 0 0 cm-'<*2K:-CF,-S«C» 

•^<®ilx^*WL.r4Bf3. BfiiB— (II) r^' 

3nS#S(**{4*. R f *ifJia— «ftSC (IV) -CTi^^tv 
'5»©ti-&. 9 5 0 cm-''^^ifi{c>CF0CH.-Ste 
cl:C^*2 9 0 0 cm-^fiSiic-CHt-micm-ni^nm 

[002 3] :$:%HJ©^r' -.^r^itii-^fjfjij^ i'OJ:^ Aj: 

50 :^&-ci{ii3ti-c^)ai.»3a5. #{c;^tca'^€,:^rffi-c»is 



(4) 
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[0 0 2 4 ] in^ 
^ (m) 

CF,=CFORf (III) 

^T^tti u /cf^sis^ >^ -7 - cD^^^tf ^ * . 

[0 02 5 ] tJta— (III) ^<DR f r^^ti-s^N 
n-ir'Mtj^ibk^Sti, t?t£— MS (II) ^<DR f tm 

^ (III) r'ij^3n^^:7 ^Sfc:'j:.JUx-r-;l.^^{t 

CFa = CFOCH,CF,. CF, = CFOCH,CF, 
CF,. CFa =CFOCHzCF,CF,H. CF, = C 
FOCH, (CFJ,CF,. CF, = CFOCH. (CF 
a)iCF.. CF, = CFOCH, (CF,) ,CF3. C 
F, = CFOCH, (CF,) sCF^. CF, = CFOC 
(CFJ,CF3. CF, = CFOCH, (CF,),C 
F,. CFa =CFOCHzCF,C 1 . CF, = CFO 
CH,CF,Br. CF, = CFOCH,CF,CF,C 20 
I. CF,=CFOCH,CF,CF,B r. CF,=C 
FOCH, (CFJ,CF,C1. CF, = CFOCH 
, (CFJ ,CF,Br. CF,=CFOCH, (CF,) , 
CF,Cl. CF, = CFOCH, (CFJaCF^Br. 
CF,=CFOCF,. CF, = CFOCF,CF3. C 
F, = CFO (CF,) ,CF., CF,=CFO (C 
F,),CF,. CF, = CFO (CF,) ,CF,. CF, 
= CFO (CF,)sCF3. CF,=CFO (CF,)sC 
F,. CF, =CFO (CFJ ,CF,. CF, = CFO 
(CF,) .CF3^^^tf-SC<i:305r|f^, 30 
[0 0 2 6 ] :^§m(^C^\,^Xr' h ^r7;l/:t nx^ u> i 
tuifi— /JaSi (m) TTnSn^^:? ^;ux-r*;l/ 

xmrnrnx^n^tfcr^tciib^at. mrta~«asc (m) * 

[Z (CF2) V (0(j:FCF2) 

CF3 



h '7:7;l/5^PX^U>*5g 9. 5 — 6 0'^:;l/%<D 
msx'^^ctmf^L< . BJiia— jJSS (II 

[002 7 ] MfCSfti. 

^^fc^^Cr- h "yy )\^:tax.^lyl^(,C^=^Vy )V:tvty* 
[0 02 8] ;XtC. ±ia^r^-.i3^ex;Wx--?-;U<h-r h 

[0 02 9 ] CO^^. iS?8[S'^iaccoc>-C:a:» 

fci^i^cm^m^^^c 0 . 3^-10 fi^ss. iff ^ L < « 1 
[003 0 ] s/t. n^imt orti. ^a^oco-^s^;^ 

nrntht. -^y ym^yi^tfJU^mmiLKK m 
CZ (CF,) vCO,] , 

({BO. Z{i. Tk^H^. r'-^^M-fS/c^SS^M^r 

[0 0 3 1 ] 
[Ib5] 

OCpFCOJ 2 

CF3 



[0 03 2 ] {{BO. >':7*iS^S/c 

3(DM^ir^5o ) ^5^{cMfflr^^, 

(HCF,CF,CO,) (CF,CF,CO,) (C 
F.CF,CF,CO,) (CF,CF,CF,CF,C 
O.) (C I CF,CF,CO,) 

[003 3] 

[fb6] 

CCF3CF2CF2OCFCO2) 2 
CF3 



40 



[003 4] ^mii^Cti)^V^^^ 
[0 03 5 ] ±IS^i?:^JV^m©ffiffl*«. 



50 



t^. M'^mi^^^'^y^-mdcyaL'co. 002-0. 5 

Jf^L/<«0. 005 — 0. 2*;U%OffiKj&i 

[0 0 3 6 ] S'&iajS«ffll^S^>?5?7;Uffe^SiJco^^iI 
— 3<DBS«hL.r-*es?)6n-S>3(»5. jii;, 0-100 



7 

[003 7 ] ^^ccc^sfi'&ccoi^rmiBf ^„ mmm-^ 

[0 03 8] ?6tc, ¥L{bS^(coc^ritt§ST^i, a 

jag«2 0--1 4 0U w^L.<«4 0 - 1 0 0 -cr* 

[0 0 3 9 ] {.^'rtt(DM^:fr(£:^ci6i^xhy^ \^^yji:t 
nx^U>ODJE;^til --3 0 k sr/c m' - GCD^Ht? 

[0040] ±§d<D^y'^-^f)^(om^m^(omi&(>c-D 
[004 1 ] Mcc, i^rncDm-&:??i*ccfcCir4>^M 

X:^y'-;l/^or;Un-;l^5a€:fflC^-5Ci;05r#-E> 
S^(*0$St§^<DS ft 6 r il/ >aS^'T JU a - Jl/ 



(5) ^¥6-80 73 3 

8 

:^^y-7-M^C>!ifL.r 0. 0 5-^10^/1.%, iftL< 

[0042 3 :^mn<Diimfic^i^x{%^ ±tBCD^m^* 

20 So 

[0043] m^±m(ommm^. m^ism. wmt 
ri O'^rJL'^^rMi^rfiM-rtiti+^rfts^ijs. s^s 

jhS^Ji^^S^!!!^:)!!.'^,^*^^ 2 0^-30 0 ^}V%<ommt^ 
[0044] ^cCfc. *JSic;^>' v-^6r)g|#fi«, ;^CDJ: 

30 Jl':tnx^u>a»JSjr«oJI:^;. WSMJ^UM^tm 
ic*tT '&r-h^r7;i/::?f-nx^u> (OMM^^^ 6ff ffl 
*SJCS^^ y^tf^;l/x-T';UMi3:JSirv^'^.(D2gA 

[004 5 ] m^±m<omm^mu. m^j^m^t 

Omm%. U< ^3-2 Ofia%(D$aH6iCc-5/"c^ 
[0 04 6 ] ^fc. S^il:S»JC0SS*n:??ffi«#iC^3:PES 

50 -&siJ;«4m^f?ihffjoA-:./cS^gK:»3ii-rs7?^. * 



9 

[0047] ^^jc^jt^rt*. m^f#±m<7>as»n^w: 

L /t^SlCf" h -7 :7 :t D X ^ U J: CJ^TfeSjJ; >^ 
;l/:tnT>rU=^;l'fcrx;l/X-7^;U25:5ia. 3S^C^:^SI. JJP 

C 0 0 4 8 ] ^^L/c^:7 -y^^fi^m^:. fi-^SStl 

i^mvy ym^tr^caffi-v^. y^-yj\^:i'u^m:^{^ 

[005 0 ] 

ctm^i^^ ^tc. yay- 1 1 3^ya>~ i 4 i b 

[0 0 5 n ^;^c. :^§^m(D^y yMi^M^mm-mm 
[005 2] fiEoT. :^mm^y ym^m^m-s.. ^ 

^f^SSBiXStCfcti-C^xyN-^ t; 

So 

[0 0 5 3] 
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[0 05 4] m'mm\rA(OJ^ o (c l r3ics6fco 
[005 5 ] 1 . a . ^mw^^mom'& 

J I S K - 7 1 1 3 CciiSao 
[00 5 6] b. T-;:^ H^>:r;b©fffiK 
*^?30^:7 ':^^ifcfi^SMb®o:)/ca?)CD^^fl§^3 5 
0'CcDiaj@[r?^lSL, »flJET?ftiii-r'5C<i:CcJ;or. 1 

[0 05 7 ] 2. vcmw&mom'^ 

Mt'SRyxn-y^Ts^^-^m^^tc. iaaElmm. .S3 1 0 
mmCD^-i^X^flaiV iaa[3 7 2'Cri 3. 14kgC[) 

3. a. i^ibCDgiJS 

lSiWe[5 0%:? vm&WLb 0 0 g W^3gL>'^*-T•-/ 
'i?>i>-KL~22 ^ffll*. 0. 3-2 

[0 05 8] b. f-;^ hif >:/;K0f^^ 
*^?gcD$:7 *:;^^tM^»;^6P^:b^cD/ca^)(7)^i}J|g^:3 5 

o*c<oiagr?gffiiL, fliiJETfftip-r€>c<f:tcj:^r. 1 

mm/lCDt^- h^SrfpJSJcL., 5 0 mmx 7 0 mmic^*9 a 
[0 05 9 ] llJfeW 1 
30 {cj:DaSjb/c:7P>- 1 1 3 4 5 k fir %Ati/cf*. 

:tP:/PtVl/h ';:7;l'^a tfx;i/x— r-;i/3 2 0 g^&A 
n/cf^. iKS^^-i$?--CDlDl^^ 1 4 0[ElK<tL. 
^y)\^^UX.^{y:y^m^Xhmti^Ar, 2kff/cm' 
-GJCUyt. ^^lifSiSSrt^ 1 S'CCC^^oo (C3 

.CD-^n^- 1 1 3ig?S (5w t %) 55. 
3 &^r^At>m^^^*SL/Co JSJ£*vgi£;b:^^2. 6kg 

-^mois-^'^y ym^m^i^^mtc^ c<75*m^i** 
1 5 0"ct?i zmmmmtmLfctc ^2 K 8<D^m^ 

[006 0] c<D^y ymi^-^i^^ 3 3 0 'CX^y ^ }l 
50 tC:tel^t:, 9 5 0 cm-"{^ja{C>CFOCH,-S*Jcfc 



(7) 

0'2 9 0 0 cm-^ftia«:-CH,-«(cS-:y<KitX^?55 

fc, ccom^^mmm^u. j i s k - ? i i 3 cc 

cm'r*-:»/co Sfc. 3 7 2 -croJtigaklfiSfi 1 . 
5x 1 o';^'-rx-c^>o/co 

[00 6 1] Hie. CCDffi-^ftl kgiSSSLco^- 
h^U-T/iCAn. :7D>- 1 1 3*5cfcCX:7a>- 1 4 lo 
1 b^r-E-n-e^tll Lfl|l\ 8 O'^C-Cl 8B$paJfiai^tf-:> 

■^<Daai«iP«:7D>- 1 1 3-00. oo4m*%. 

:7n>-l41b-C0. 0 0 4mfi%r*-:»/c„ */c. 
fflffiCcfig«L/cr7n>- 1 1 3^taiSb/tiC^0, 0 
4g<Dafe«!5S3&^^6n/fc. 
[0 06 2] thl^^il 1 

^i/^asfln-r s c <!: & < T^sre^ >^ v-a2^?gji^gm s 20 
0. obma%v^'otc. 

[00 6 3] ?6tc. r7a>- 1 1 srttfflb/c^fcs^ 
ft^. lfO*:7n>-i 1 3-CffltU^?f-:>/ciC6. fiS 
M^t^O. 0 2 5SS%r*r>fc« C(3C>^fcS^f* 30 

(Oyu>~ I 4 lbi:<OiAai^J:^MMMd^^tO. 0 5 

[0 0 6 4] mt^m2 

^c^^mmbfcya>- I 1 3 70 k^4Ati/d^. 
nf;l/t::::;Ux-7^;l/6. 2 k ^ ^^Atifc^, 



1#Ba¥6-8 0 7 3 3 

12 

^-<D[Hie»=& 1 4 OHiscbL. ^h57Jl/:?rax^U 
XESrt^ 1 SXicS^oo (C,F,CO,) ,cd:7p>- 

ii3^iff(5wt%) i80gr ^mxum^imhu 

hyy)\^^0:t^^\yl^^Sm^(iCm^UtCo y'Vyy)\^ 

^fcS^ftCDigfit?:^^SJ£JS«CC6. 7M%iC3^cC-:>/c<hC 
5rSiS?S*^i57-/-;H kg;&5Ao/cm^^^-r^ 
1 OOL^^U-v-^Srtlifttc^U. S^^^fihS-l^/c. 

[0 0 6 5 ] I RgtecDSm, 9 90 c rn'M^iaCO C 
FOCF,-S4cJcfcafl 2 0 Ocm-*#Jfi«C-CF,-S 

• ?S^«4 1 Okff/cm^'C^)*!). 3 7 2 "Cro^lt^a 
ttS[«8, OX I o**-^X-c^>p, ::7D>- 113*5 

<t?yf:7a> - 1 4 1 hxmmik<ommm^\t^ti^ti 
0. 0 0 7aa%4di:afo. oo8fia%r*o/co 
[0 06 6 ] tmm2 

^ ^* - :7 ;U :t u :7' u tVW ;U X - y-iV CcSU < 
iftCD^W^ti 1 . 3 ^Jl%X^0> 0.3 7 2 "C-C^Diib^lll 
ttS«6. 7X 1 o*?J<-rX-C*0, giSBifWr^»3 
7 0kff/cm'. :7P>- 1 1 3rffltlJ^coMSil*i> 

«o. 0 esa^r&o/co 
[006 7] mmms 

mmm 1 , 2 4d jcc/tfcs?^!! 1 , 2 vn^ntc-^y 

*^i**-7a>-i 1 3rfflWo/cf^©^tS^»*5 0 
%y vm^(^cmmL. r^-^m^Sigi c ccpcdo. 3-2 

[0 06 8 ] 

[^1] 
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3 9 0 


5 2 5 


7 0 0 




9 8 


13 8 


17 7 




1 4 


L 4 


1 4 




2 0 3 


3 I 0 


3 9 5 



C00 6 9]SISfe«?!|4 

ffif*«S^Wt/c;^r->u:^M07 5 LSr^tc^26^.a 
tCJ:0fSStL/c:7P>- 1 1 3 4 5 k g Ati/cf^. 

2,2- h V :7;U:f nx^;l. h P — r';U<!: 

9 1 ^JU^Or- h5:7;l/::^DX^lx>icDig^;t^'X;S:Jg 

±IBM^:^;^^^ALr4. Okg/cm'-GCC 

J ,cD7n>-l 1 3;^ (5wt%) 9 0fi:€:»Ab 

«^€:ga*SLA:. S:j£*-bfS^^:^':^^itMW«:^AO 

J5l£?fficfi{c6. 7mM%CC^Co/c<!:C5-C-v+1f>l k 
ff€rA*lTS^^<?±$i±/'ca, HSfeMl iimSlCCUr 

[0 07 0] I RSiJ^COife*, USSPI 1 9 5 

0 cm-'<^ifi{c>CFOCH, -S*5J:y^2 90 0 cm 

Dtrx;l/X-T-;U5CS-^<#Sj*^{4(i8. 8-^:;u%-c 

^>-o/co ^/c, it?§]iSttSfc^8. oxio^*--rxr& 

5(3Bffi»r^S«3 3 0 kg/cm'r*9. :7n> 
- 1 1 3-CtttlJ(Dgm. Sa^^tiO . 0 0 SSM^-e 

[0 07 1] fl5fe«?«5 

5>1 5 kg. C, FasCO,NH4 1 0 0 g 
3-^r;U%CD2,2,3,3,3-^>^:7;U:^-D ^^'P tVU V ^) V )\^ 

:f p t:x;i/x--f*;L'i 9 7^;i/%<D7' h^:7;u:tpx^ 
U>i<^S-&:tf;^«:JgjJ»CC«Al/A^il^/Co StE 
g|*|{Cx^y-;U5 kg*An/cf*. a^^-^-OlHl 



RSfc^l 4 0IiI3£<hO, ±tBig^:^>^^^A04. Ok 
g/cm' -GfCLA:^ ^Xl^rSjSSrt?: 1 8 'CCCS^ 
oo (ClCF,CF,COj ,(D^^-y)l:tti h Ur^^ 

-rur 5 (5wt%) 250g *2gAua^^ia*& 

20 L^^co SjCc;*i±iail^y/:^^a«SWCC2j|AU4. 0kg 
/cm'- G ^iffif^ L /Co ±f HS^:<7 CD^AS^^ 2 . 
5 kg. ^^Ltc^y ym^m^i^<D\M&i!)^5JZM^(^ 
6. 9Mfi%(c^co/ciC-5)ri^PP5^;l/Z. 1 kg^A 

[0 07 2 ] I Rifflj^cDig:^, mmmitmm(^. 9 5 

0 cm'^^^iSfOCFOCHj -S:tecfcO'2 9 0 0 cm 

'&**0C#*n'S2.2,3,3,3---^>3rr^;U:f Pr^'PfcVl/ h 

30 y p trx;l.x-^7^;l.CcS':y<#fif*#{i53:2. 8 

-/Xr4)0. ?l5gfflE»T^ti4 6 0 k g/cm*r& 
9). 7P>-1 1 3JCJ:^fflttJ©ie:S. SMJIEif>«0. 

0 0 smmrov^-z^tco 

[0 07 3 ] *J5fefi?!l6 
IIJSC?iIl*5<i:Cf2i|^«/j::;?^ffi€:m^r, S^O^r^^ 
^ X ; u X - -r / 1/ i f- h ^ ; U :f P X ^ b > (D Jg|£; ^ tf 

5 0%:7 -jm^ 1 4 BraSitf*©>'^-f-^ ^;i/|»^*2 
[0 0 74] I RS'J^Oi^^, l^'^n(7:)^tM^i*^>^ 

mitmm^fC, gsocm-M^atocFocH.-s 

4c5<iO'2 9 0 0 cm-*#acc-CH,-SK:S-:?<SRjR 

[0 07 5 ] 
50 [*2] 
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